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SUMMARY

Introduction/Objective Early identification of high-risk patients with COVID-19-associated sepsis is
essential for timely intervention and optimal ICU resource allocation. This study aimed to evaluate and
compare the prognostic performance of risk-stratification of emergency department sepsis (REDS) and
sequential organ failure assessment (SOFA) scores, alongside D-dimer levels, in predicting 28-day mor-
tality among critically ill patients.

Methods A retrospective analysis was conducted on 163 critically ill adult patients with confirmed CO-
VID-19 and sepsis (Sepsis-3 criteria) admitted to the intensive care unit of a tertiary center between
November 2020 and May 2022. REDS, SOFA, and D-dimer values were assessed within 24 hours of ICU
admission. Predictive value was evaluated using ROC analysis, logistic regression, and x* automatic
interaction detector (CHAID) decision tree modeling.

Results The overall 28-day mortality rate was 65.6%. REDS (AUC = 0.690) and SOFA (AUC = 0.680) dem-
onstrated moderate predictive ability, while D-dimer showed lower accuracy (AUC = 0.632). REDS > 2 had
the highest sensitivity (80.2%), and SOFA > 4 had the highest specificity (56.1%). Both REDS and SOFA
were identified as independent mortality predictors. CHAID analysis recognized REDS as the strongest
discriminator, stratifying mortality risk into three distinct groups (42.9%, 66.1%, and 84.5%).
Conclusion REDS and SOFA scores provide meaningful prognostic value in patients with COVID-19-related
sepsis. REDS demonstrated a slight advantage and may serve as a simple and effective bedside tool for
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INTRODUCTION

Critically ill patients with COVID-19 and sep-
sis remain among the most vulnerable in inten-
sive care units (ICUs), with persistently high
mortality rates despite advances in supportive
care [1, 2, 3]. The convergence of viral pneumo-
nia, immune dysregulation, and sepsis-induced
multiorgan failure creates complex clinical
scenarios, underscoring the urgent need for
reliable early prognostic tools [4]. Timely risk
stratification is essential to inform therapeutic
decisions, optimize resource allocation, and
improve patient outcomes. While numerous
studies have explored individual biomarkers
and severity scores, there is still no consensus
on the most effective approach for early mor-
tality prediction in this high-risk group [5, 6,
7]. Notably, risk-stratification of emergency
department sepsis (REDS) scoring system has
been shown to be a simple and objective tool
for risk stratification in patients with suspected
sepsis, although these studies did not include
patients with COVID-19 [8].

This study provides novel insights by di-
rectly comparing the prognostic performance
of three early indicators - the sequential organ
failure assessment (SOFA) score, REDS score,
and D-dimer levels — within the first 24 hours

of ICU admission in COVID-19 patients with
sepsis. Unlike prior research that typically as-
sessed single markers or lacked rigorous valida-
tion, our study integrates multiple established
tools and employs advanced statistical tech-
niques, including bootstrap-adjusted multi-
variate logistic regression and x* automatic
interaction detector (CHAID) decision tree
modeling, to enhance predictive power and
internal validity [9, 10, 11].

The most notable finding is the potentially
valuable prognostic role of the REDS score in
predicting 28-day mortality, supported by re-
ceiver operating characteristic (ROC) analysis,
multivariate models, and decision tree classifica-
tion. A simplified model based on REDS thresh-
olds effectively stratified patients into clinically
relevant risk groups, supporting its utility in
ICU triage and early management. The use of
bootstrap validation further mitigates limita-
tions common to retrospective studies, such as
small sample size and data skewness, enhancing
the robustness of our conclusions.

This study was conducted in critically ill
COVID-19 patients with sepsis. While the
findings provide valuable insights for this spe-
cific population, their applicability to future
pandemics caused by similar viral pathogens
remains to be investigated. Given the challenges
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posed by comorbidities, immunosuppression, and variable
vaccine responsiveness, our results underscore the poten-
tial importance of accurate, evidence-based prognostic
tools in guiding clinical decisions. The objective of this
study was to assess and compare the prognostic accuracy
of the SOFA score, REDS score, and D-dimer levels in pre-
dicting 28-day mortality, using comprehensive and statisti-
cally rigorous methodologies. These findings contribute to
the expanding literature on multidimensional and machine
learning-assisted approaches in critical care and support
further external validation in larger, diverse cohorts.

METHODS

This retrospective observational study was conducted at
the Institute for Pulmonary Diseases of Vojvodina, within
the Clinic for Intensive Care Medicine and Pulmonary
Vascular Diseases, Department for Intensive Care and
Intoxications Level 3. The study population included 163
critically ill patients with confirmed COVID-19 and sepsis
who were admitted to the ICU between November 2020
and May 2022.

Eligibility criteria included adult patients (> 18 years)
with COVID-19 confirmed via reverse transcription-
polymerase chain reaction or rapid antigen testing using
nasopharyngeal swabs. All patients met Sepsis-3 criteria,
requiring documented or suspected infection and an acute
increase of > 2 points in the SOFA score [12]. To mini-
mize confounding, we excluded individuals with advanced
immunocompromised states (e.g., HIV/AIDS, transplant
recipients, active cancer, autoimmune diseases), as well as
pregnant or breastfeeding women.

Demographic, clinical, and laboratory data were collect-
ed from medical records within the first 24 hours of ICU
admission. Variables necessary for calculating the SOFA
and REDS scores were extracted from documentation
and verified by two independent reviewers. Laboratory
tests, including D-dimer levels, were performed using
the VIDAS® D-Dimer Exclusion II assay (BioMérieux,
Marcy-I'Etoile, France), which is based on an enzyme-
linked fluorescent assay technique and analyzed on the
VIDAS 3 platform.

The primary outcome was 28-day all-cause mortality.
Statistical analyses were performed using SPSS Version
26.0 (IBM Corp., Armonk, NY, USA), MedCalc Statistical
Software v20.2 (MedCalc Software Ltd., Ostend, Belgium).
A two-tailed p-value < 0.05 was considered statistically
significant.

Statistical analysis

Continuous variables were summarized as medians with
interquartile ranges, while categorical variables were pre-
sented as frequencies and percentages. The distribution
of continuous variables was assessed using the Shapiro-
Wilk test. Between-group comparisons were conducted
using the Mann-Whitney U test for non-normally distrib-
uted data and the x* or Fisher’s exact test for categorical
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variables, depending on expected cell frequencies. To eval-
uate the discriminatory power of the SOFA score, REDS
score, and D-dimer levels for predicting 28-day mortality,
ROC curve analyses were performed. The Youden index
was applied to determine optimal cut-off values for each
marker. Diagnostic performance was assessed through sen-
sitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV), each with corresponding
95% confidence intervals. Multivariate logistic regression
analysis was conducted to identify independent predictors
of 28-day mortality, with internal validation performed
through bootstrapping (1000 iterations) to improve model
robustness and minimize overfitting. Model calibration
was assessed using the Hosmer-Lemeshow goodness-of-fit
test by comparing observed and expected mortality across
deciles of predicted risk. Additionally, a CHAID decision
tree analysis was employed to explore variable interactions
and stratify mortality risk groups based on REDS, SOFA,
and D-dimer, allowing identification of key thresholds and
clinically relevant decision nodes.

Ethics: The study protocol received ethical approval from
the Ethics Committee of the Institute for Pulmonary
Diseases of Vojvodina (No. 9-11/3, February 24, 2022) and
the Faculty of Medicine, University of Novi Sad (No. 01-
39/190/1, May 13, 2022).

RESULTS

In this study involving 163 critically ill COVID-19 patients
with sepsis, the prognostic performance of three early clin-
ical indicators — SOFA score, REDS score, and D-dimer
levels — was evaluated within the first 24 hours of ICU
admission for their ability to predict 28-day mortality. In
this cohort, the prevalence of comorbidities varied, with
hypertension (55.8%) and diabetes mellitus (27%) being
the most common (Figure 1). Although patients with ma-
lignancy exhibited the highest mortality rate (90.9%), this
did not reach statistical significance (p = 0.062), likely due

Prevalence of Comorbidities in Study Population
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Figure 1. Prevalence of comorbidities in the patient cohort, with hypertension
(HTN) (55.8%) and diabetes mellitus (DM) (27%) as the most frequent condi-
tions; cardiovascular disease (CVD) and chronic obstructive pulmonary dis-
ease (COPD) rank third and fourth in prevalence, respectively; this distribution
highlights the common occurrence of multiple underlying diseases that may
influence patient prognosis and clinical management
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Figure 2. ROC curves for D-dimer, sequential organ failure assessment
(SOFA), and risk-stratification of emergency department sepsis (REDS)
scores showing their predictive accuracy for 28-day mortality; AUC
values indicate the discriminative performance of each tool

0
to the small subgroup size. Other comorbidities such as Parémeters AUCROC | SE | 95%Clfor AUCROC 2
. . . . . D-dimer 0.632 0.047 0.551-0.707 0.005
chronic obstructive pulmonary disease, cardiovascular dis-
. . . SOFA 0.680 0.042 0.603-0.751 <0.001
ease, and diabetes showed elevated mortality proportions
REDS 0.690 0.043 0.613-0.760 <0.001

but without statistically significant differences between
survivors and deceased. The absence of significant associa-
tions may reflect limited statistical power or heterogeneous
effects of individual comorbidities on 28-day outcomes.
Opverall, these findings suggest that while comorbid condi-
tions are prevalent in critically ill patients, their isolated
impact on short-term mortality requires further investi-
gation in larger cohorts to clarify their prognostic value.
ROC curve analysis demonstrated moderate discrimi-
native ability across all three parameters (Figure 2). The
REDS score yielded the highest Youden index (0.293; 95%
CI: 0.148-0.403), followed by the SOFA score (0.288; 95%
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CI: 0.162-0.420) and D-dimer (0.255; 95% CI: 0.132-
0.377). The optimal cut-off values identified were REDS
> 2, SOFA > 4, and D-dimer > 1425 ug/L. Notably, the
confidence interval for D-dimer’s cut-off value was wide
(1028-8253 pug/L), indicating potential variability in its
discriminatory capacity.

D-dimer (AUC = 0.632) shows modest predictive value,
slightly better than chance. SOFA (AUC = 0.680) performs
better with moderate accuracy. REDS (AUC = 0.690) is the
best among the three, though only marginally superior to
SOFA (Table 1). All models have AUCs between 0.6 and
0.7, indicating weak to moderate predictive power. Based
on the ROC analysis for this sample, although none of
the scores are strong predictors on their own, both REDS
and SOFA demonstrated statistically significant differ-
ences between survivors and non-survivors (p < 0.001),
highlighting their value as useful prognostic tools within
a comprehensive clinical assessment.

Table 1. AUC ROC curve analysis for D-dimer, sequential organ failure
assessment (SOFA) and risk-stratification of emergency department
sepsis (REDS) scores for predicting 28-day mortality

SE - standard error; Cl - confidence interval; p - probability that AUC differs
from 0.5 (no discrimination); all AUC values 0.6-0.7 indicate moderate
discrimination; p-values indicate significance of AUC versus 0.5 (no
discrimination)

In terms of diagnostic accuracy, REDS > 2 demon-
strated the highest sensitivity (80.2%) and NPV (71.3%),
while SOFA > 4 achieved the highest specificity (56.1%)
and PPV (75.5%). D-dimer > 1425 pg/L showed a sensitiv-
ity of 76.5%, specificity of 49.1%, PPV of 73.6%, and NPV
of 52.9% (Table 2). Despite the observed differences in
point estimates, the overlapping confidence intervals for

Table 2. Optimal cut-off, sensitivity, specificity, PPV and NPV for D-dimer, SOFA and REDS

Variable | Youden index | 95% Cl Youden index | Optimal cut-off value | 95% Cl for cut-off value | SENS (%) | SPEC (%) | PPV NPV
D-dimer 0.25 0.13-0.37 > 1425 > 1028 - > 8253 76.47 49.09 736 | 529
SOFA 0.28 0.16-0.42 >4 >3-<6 72.64 56.14 75.5 52.5
REDS 0.29 0.14-0.40 >2 >1-<4 80.19 49.12 61.2 713

Cl - confidence interval; SENS - sensitivity; SPEC - specificity; PPV — positive predictive value; NPV - negative predictive value; SOFA - sequential organ failure

assessment; REDS - risk-stratification of emergency department sepsis

Table 3. Individual REDS parameters: comparison between survivors and non-survivors (n = 163)

REDS Component Survivors n = 56 Non-survivors n = 107 X (df) p

Age = 65 years 24 (42.9%) 61 (57.0%) 2.95(1) | 0.086
GCS< 15 16 (28.6%) 55 (51.4%) 7.79 (1) | 0.005
SBP < 100 mmHg 13 (23.2%) 28 (26.2%) 0.17 (1) | 0.680
RR = 22/min 30 (53.6%) 70 (65.4%) 2.18(1) | 0.140
Lactate (categorical: <2/2.1-3.9/ =4 mmol/L) | 36 (64.3%) /15 (26.8%) /5 (8.9%) | 42 (39.3%) /46 (43.0%)/19(17.8%) | 9.34(2) | 0.009
Albumin < 27 g/L 19 (34.5%) 41 (38.7%) 0.27 (1) | 0.607
INR>1.3 17 (30.9%) 37 (34.9%) 0.26 (1) | 0.610
Refractory hypotension * lactate: - RHabsent = | 4 (g5.7%) 5 (8.9%) 3 (5.4%) 72(67.3%) 9 (8.4%) 26 (24.3%) | 9.12(2) | 0.010

REDS - risk-stratification of emergency department sepsis; GCS - Glasgow coma scale; SBP - systolic blood pressure; RR - respiratory rate; INR - international
normalized ratio; RH - refractory hypotension; lactate values are categorized as < 2.0, 2.1-3.9, and = 4.0 mmol/L; albumin < 27 g/L and INR = 1.3 indicate
hypoalbuminemia and coagulopathy, respectively; refractory hypotension in combination with elevated lactate (= 2.1 mmol/L) reflects the highest circulatory
risk subgroup; x° values with degrees of freedom (df) were used to assess the association between each REDS component and 28-day mortality
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Distribution of REDS Parameters by Outcome
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blood pressure < 100 mmHg and albumin < 27 g/L
showed no significant discrimination (Figure 3).
Despite variability in individual component per-
formance, the composite REDS score exhibited
superior discriminatory ability (AUROC = 0.69,
p < 0.001) by integrating all variables, supporting
its role as a comprehensive bedside risk stratifica-
tion tool. These findings suggest that while cer-
tain REDS components have stronger individual
prognostic value, the aggregate score remains the
preferred measure for clinical application and may
benefit from further optimization in future studies.

In the multivariate logistic regression model,

Figure 3. Distribution of risk-stratification of emergency department sepsis
(REDS) parameters by outcome; lactate values are expressed in mmol/L, and al-
bumin in g/L; GCS - Glasgow coma scale; SBP - systolic blood pressure; RR - re-
spiratory rate; INR — international normalized ratio; RH - refractory hypotension

the Youden index suggest that none of the three markers
was statistically superior in isolation.

In our research, three REDS parameters showed sta-
tistically significant associations with mortality outcomes
(Table 3). Patients with Glasgow coma scale < 15 had over
75% mortality, indicating a strong correlation between
severe neurological impairment and death. Similarly, ap-
proximately 80% of patients with lactate levels > 4 mmol/L
did not survive, underscoring the prognostic importance of
elevated lactate. Furthermore, more than 85% of patients
exhibiting refractory hypotension combined with lactate
> 2.1 mmol/L died, highlighting this combination as a po-
tent clinical marker of high mortality risk. Among the eight
REDS components, these variables demonstrated the most
pronounced and significant differences between survivors
and non-survivors, while other parameters such as systolic

Table 4. Logistic regression summary table — multivariate model

both the REDS and SOFA scores were identified as
independent predictors of mortality (Table 4). Each
one-point increase in the REDS and SOFA scores
was associated with a 22% increase in the odds of
death (OR = 1.22, p < 0.05 for both). Male sex was
also independently associated with increased mortality
risk (OR = 2.78, p = 0.029). Other variables, including
hypertension, diabetes, cardiovascular disease, chronic
obstructive pulmonary disease, and allergies, were not
statistically significant predictors in the adjusted model.
Logistic regression analysis and combined ROC curves
further supported the enhanced prognostic utility when
these variables were used in tandem.

To assess the predictive value of clinical variables for
mortality in critically ill COVID-19 patients with sepsis,
a logistic regression analysis was performed using the
bootstrap method with 1000 samples (Table 5). This ap-
proach allowed for a more robust estimation of the model
parameters, reducing potential bias and improving the
reliability of confidence intervals in small and potentially
non-normally distributed datasets.

Variable B (Beta) p Exp(B) (OR) Interpretation

SOFA score 0.204 0.024 1.226 Each one-point increase in SOFA raises death risk by 22.6%
D-dimer 0.000 0.050 1.000 Marginally significant; very weak or negligible effect

REDS score 0.203 0.050 1.225 Each one-point increase in REDS raises death risk by 22.5%

Sex (Male) 1.018 0.012 2.766 Males have 2.77 times higher risk of death compared to females
HTN 0.391 0.332 1.479 Not significant when adjusted for other variables

DM 0.147 0.755 1.159 Not significant

[@Y/») 0.073 0.883 1.075 Not significant

COPD 0.724 0.145 2.062 Not statistically significant

Allergies 1.042 0.162 2.834 Not statistically significant

Logistic regression analysis of predictors of mortality in critically ill COVID-19 patients; B — regression coefficient; Exp(B) — odds ratio (OR); p-values < 0.05 are
considered statistically significant; in the multivariate logistic regression model, each 1-point increase in sequential organ failure assessment (SOFA) or risk-
stratification of emergency department sepsis (REDS) scores was associated with an approximately 22% increase in the odds of 28-day mortality (OR = 1.226

for SOFA and OR = 1.225 for REDS; p < 0.05 for both); male sex was also identified as an independent predictor of mortality, with males having nearly 2.8 times
higher risk compared to females; other comorbidities [hypertension (HTN), diabetes mellitus (DM), cardiovascular disease (CVD), chronic obstructive pulmonary
disease (COPD), allergies] did not show statistically significant associations with mortality in the multivariate model

Table 5. Multivariate logistic regression with bootstrap (1000 samples)

Variable B (Coefficient) Std. Error p (Sig. 2-tailed) 95% Cl - Lower 95% Cl — Upper
SOFA score 0.188 0.077 0.005 0.044 0.355
D-dimer 0.000 0.000 0.143 0.000 0.000
REDS score 0.195 0.107 0.049 0.014 0.448
Constant -1.421 0.525 0.003 -2.527 -0.447

(Outcome: in-hospital mortality) - multivariate logistic regression with bootstrap resampling (1000 samples) identified sequential organ failure assessment
(SOFA) and risk-stratification of emergency department sepsis (REDS) scores as independent predictors of mortality in critically ill COVID-19 patients with sepsis;
the 95% confidence intervals for SOFA and REDS excluded zero, supporting their prognostic relevance
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Table 6. Observed vs. expected 28-day mortality by deciles of predicted risk
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stable and trustworthy risk estimates

Decile of Predicted | Observed Total Observed Expected Expected that can aid early decision-making, op-
Probability Deaths (n) | Patients (n) | Mortality (%) | Deaths (n) | Mortality (%) timize resource allocation, and guide
1 (lowest risk) 5 16 313 105 65.6 individualized management strategies
2 5 16 313 105 65.6 in critically ill patients.
3 10 17 58.8 11.2 65.9 The CHAID decision tree analy-
4 10 16 62.5 105 656 sis was employed to identify the most
> 19 13 > 6'; 1?; 656 relevant predictors of 28-day mortal-
? 1? 6 22'8 10'5 Zi'? ity in critically ill patients. Among the
s 15 - 88.2 : 1'2 65.9 evaluated variables — SOFA score, REDS
. : - score, and D-dimer - only the REDS

9 14 16 87.5 10.5 65.6 . . .

. , score remained in the final model, high-
10 (highest risk) 13 16 81.3 10.5 65.6 lichti its i tant dicti 1
Total 107 163 656 107 65.6 1ghting 1S importan” predicuve vaiue

The table displays the observed and expected mortality within each decile of predicted death
probability; the “observed mortality (%)” column shows the actual mortality rate in each decile, while
the “expected mortality (%)" reflects the model’s predicted mortality; consistency between observed
and expected mortality across deciles indicates good calibration of the predictive model

within this cohort (Figure 4). The re-
sulting tree had a simple structure with
one major split (depth = 1), dividing pa-
tients into three terminal nodes based

Outcome28day

Node O

Category % n
B zunvived 344 56
B deceased 65,6 107

Total 100,0 163

REDSscore
Adj. P-wvalue=0,001, Chi-square=20,
413, df=2

(2,000, 4,000]

| W sunvived |
: ® deceased :

<= 2,000 * 4,000

on REDS score thresholds. Mortality
rates increased progressively across these groups,
from 42.9% in patients with REDS < 2, to 66.1% in
those with scores between 2.1-4.0, and reaching
84.5% in those with scores > 4.0. This stratification
demonstrates the REDS score’s strong discrimina-
tory ability and practical clinical utility for early risk
assessment. The simplicity of the model enhances
its applicability in real-time decision-making;
however, the absence of internal or external vali-
dation limits the ability to generalize these findings
beyond the current sample and warrants further

Node 1
Category % n

Node 2
Categony % n

Node 3
Categony %

evaluation in broader patient populations.
n

B zurvived 57,1 28
B deceased 429 21

B zunvived 339 19
M deceased 66,1 37

B zunvived 155

BN deceased 845 49

a

Total 30,1 49 Total 34,4 56 Total

356 58

DISCUSSION

Figure 4. Decision tree model stratifying 28-day mortality outcomes using

risk-stratification of emergency department sepsis (REDS) score

The use of bootstrap logistic regression represents a
novel methodological aspect of this study, ensuring more
stable estimates of the regression coefficients and confi-
dence intervals compared to traditional methods. This
technique enhances statistical robustness, particularly in
clinical datasets with skewed distributions and hetero-
geneous patient populations. Our findings confirm the
independent prognostic significance of both the SOFA
and REDS scores, while D-dimer did not reach statistical
significance in the multivariate model.

The calibration of the predictive model was evalu-
ated across deciles of predicted mortality risk using the
Hosmer-Lemeshow goodness-of-fit test, which yielded p
> 0.05 for the overall model (x> = 11.285; df = 8; p = 0.186).
This indicates that there was no statistically significant dif-
ference between the observed and expected mortality rates
across all risk deciles (Table 6). The observed and expected
mortality frequencies, as presented in Table 6, demonstrate
satisfactory model calibration and internal validity, sup-
porting its ability to stratify patients reliably across the full
spectrum of disease severity. Such adequate calibration
strengthens the model’s clinical applicability by ensuring

‘ DOI: https://doi.org/10.2298/SARH250807092B

This study provides important insights into the
prognostic performance of early clinical indica-
tors — SOFA score, REDS score, and D-dimer - in
critically ill COVID-19 patients with sepsis. Consistent
with prior research, our findings show that while none
of these markers alone achieves ideal accuracy, the REDS
score demonstrates the highest sensitivity and NPV, un-
derscoring its value as an effective initial triage tool to
identify low-risk patients. This aligns with the intended
role of rapid assessment tools for early deterioration, high-
lighting their broader clinical applicability in patients with
sepsis and the potential to improve timely interventions
and resource allocation [7, 9, 11].

Conversely, the SOFA score exhibited superior specific-
ity and PPV, reinforcing its utility in confirming patients
at higher mortality risk. These complementary character-
istics suggest that SOFA and REDS scores serve distinct
but synergistic roles in risk stratification [12-15]. The
D-dimer, despite moderate sensitivity, showed wide con-
fidence intervals around cut-off points, reflecting biologi-
cal variability and highlighting the challenges of relying on
coagulation markers alone for prognostication in this con-
text. This observation resonates with emerging literature
documenting inconsistent predictive utility of D-dimer
across heterogeneous COVID-19 cohorts [16-19].

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):542-549
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Importantly, the overlapping confidence intervals for
the Youden indices emphasize that these markers are best
utilized in combination rather than isolation, supporting
a multimodal prognostic strategy. Clinically, a REDS score
> 2 may serve as an early alert prompting closer moni-
toring and resource allocation, whereas a SOFA score >
4 could guide escalation of care decisions. Incorporation
of D-dimer into composite models may add incremental
value but requires further validation [20, 21].

Our multivariate logistic regression analysis substanti-
ates the independent prognostic significance of both REDS
and SOFA scores, with each point increase correlating with
a 22% rise in mortality odds, even after adjustment for
key comorbidities. This reinforces the robustness of these
scores as bedside tools reflecting organ dysfunction sever-
ity rather than mere comorbidity burden. Interestingly,
common comorbidities including hypertension and dia-
betes were not independently predictive, suggesting their
effects may be mediated through clinical deterioration
captured by these scoring systems [22]. Male sex emerged
as an additional independent risk factor, consistent with
documented sex disparities in COVID-19 outcomes [23].

The CHAID decision tree analysis further illustrates the
clinical utility of the REDS score by stratifying patients into
clear mortality risk groups based on simple thresholds. In
the era of precision medicine, such machine-learning-based
models offer scalable, interpretable tools to augment clinician
judgment and tailor management strategies [24]. Our find-
ings support integrating decision tree models with validated
scores like REDS to enhance real-time ICU triage, ultimately
improving individualized care and resource optimization.

Calibration analysis is an important step in evaluat-
ing predictive models across diverse clinical populations
[25, 26]. For example, it has been applied in neurological
patients, and in our study, the model showed good align-
ment between observed and predicted 28-day mortality
across risk deciles in critically ill COVID-19 patients with
sepsis, supporting its potential reliability for early clinical
decision-making.

During the COVID-19 pandemic, careful prioritization
of emergency and elective cases became a critical aspect of
hospital management, with clear guidelines emphasizing
that only urgent, non-deferrable cases should be treated
immediately to reduce hospital crowding and protect both
patients and healthcare staff [27]. The identification of ef-
fective laboratory biomarkers that could stratify patients at
risk of developing severe forms of the disease is imperative
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to ensure they receive prompt medical treatment [28]. In
this context, the implementation of relatively simple and
rapidly applicable scoring systems such as REDS and SOFA
can facilitate the early identification of high-risk patients,
enabling clinicians to prioritize treatment and optimize
outcomes. These tools, together with biomarker such as
D-dimer may play an important role in guiding appropri-
ate and timely therapy in patients with severe forms of
COVID-19 and sepsis.

Limitations of this study include its retrospective de-
sign, single-center setting, and modest sample size, which
may affect generalizability. The absence of external valida-
tion warrants cautious interpretation and underlines the
need for prospective, multicenter studies to confirm and
refine these predictive models.

CONCLUSION

This study demonstrates that among critically ill COVID-19
patients with sepsis, the REDS score is a robust and in-
dependent predictor of 28-day mortality, outperforming
both SOFA score and D-dimer levels in risk stratification.
The application of CHAID decision tree analysis further
confirms the REDS score’s practical utility in categoriz-
ing patients into distinct mortality risk groups, facilitat-
ing timely clinical decision-making. Bootstrap-validated
logistic regression reinforces the reliability of these findings
despite the retrospective design and sample size limita-
tions. These results support the integration of the REDS
score into ICU protocols to improve early identification of
high-risk patients and optimize resource allocation.

ACKNOWLEDGEMENTS

The authors would like to express their sincere gratitude
to Professors Ljiljana Andrijevi¢, Ilija Andrijevi¢, Bojan
Zari¢, and Jovan Matijasevi¢ for their valuable support and
contribution to the realization of this research.

The results presented in this manuscript are part of the
doctoral dissertation: Baji¢ D. Prognostic Significance of
Sepsis Biomarkers on the Outcome of Critically Il Patients
with COVID-19 Infection [dissertation]. Novi Sad (Serbia):
University of Novi Sad, Faculty of Medicine; 2024.

Conflict of interest: None declared.

3. Vanden Berg M, van Beuningen FE, ter Maaten JC, Bouma HR.
Hospital-related costs of sepsis around the world: A systematic
review exploring the economic burden of sepsis. J Crit Care.
2022;71:154096. [DOI: 10.1016/j.jcrc.2022.154096]

[PMID: 35839604]

4, Duncan CF, Youngstein T, Kirrane MD, Lonsdale DO. Diagnostic
Challenges in Sepsis. Curr Infect Dis Rep. 2021;23(12):22. [DOI:
10.1007/511908-021-00765-y] [PMID: 34720754]

5. Heubner L, Hattenhauer S, Glildner A, Petrick PL, RoBler
M, Schmitt J, et al. Characteristics and outcomes of sepsis

www.srpskiarhiv.rs

547



548

patients with and without COVID-19. J Infect Public Health.
2022;15(6):670-6. [DOI: 10.1016/j.jiph.2022.05.008]

[PMID: 35617831]

Thodphetch M, Chenthanakij B, Wittayachamnankul B, Sruamsiri
K, Tangsuwanaruk T. A comparison of scoring systems for
predicting mortality and sepsis in the emergency department
patients with a suspected infection. Clin Exp Emerg Med.
2021;8(4):289-95. [DOI: 10.15441/ceem.20.145] [PMID: 35000356]
Sivayoham N, Mara HO, Turner NT, Sysum K, Wicks G, Mason

0. Validation of the REDS score in hospitalised patients who
deteriorated and were admitted to the intensive care unit - a
retrospective cohort study. BMJ Open Qual. 2025;14(1):e003054.
[DOI: 10.1136/bmjoqg-2024-003054] [PMID: 39762056]

Sivayoham N, Hussain AN, Shabbo L, Christie D. An observational
cohort study of the performance of the REDS score compared to
the SIRS criteria, NEWS2, CURB65, SOFA, MEDS and PIRO scores

to risk-stratify emergency department suspected sepsis. Ann
Med. 2021;53(1):1863-74. [DOI: 10.1080/07853890.2021.1992495]
[PMID: 34686088]

Sheerin T, Dwivedi P, Hussain A, Sivayoham N. Performance of

the CURB65, NEWS2, gSOFA, SOFA, REDS, ISARIC 4C, PRIEST

and the Novel COVID-19 Severity Scores, Used to Risk-Stratify
Emergency Department Patients with COVID-19, on Mortality -
An Observational Cohort Study. COVID. 2023;3(4):555-66.

[DOI: 10.3390/covid3040040]

Kumar MCH, Chabba SK, Udasimath S, Ravishankar G, Sushma
MKM, Gadwal NV. Study of Inflammatory Markers - CRP, D-dimer,
and Ferritin in COVID- 19 Positive patients - A Retrospective
Study. European Journal of Cardiovascular Medicine (EJCM)
2025;5(15):699-703. [DOI: 10.5083/ejcm/25-05-128]

Rahmoun M Al, Sabaté-elabbadi A, Guillemot D, Brun-buisson C,
Watier L. Impacts of the COVID-19 pandemic on sepsis incidence,
etiology and hospitalization costs in France: a retrospective
observational study. BMC Infec Dis. 2025;25(1):627. [DOI: 10.1186/
$12879-025-11000-7] [PMID: 40301806]

Esmaeili Tarki F, Afaghi S, Rahimi FS, Kiani A, Varahram M, Abedini
A. Serial SOFA-score trends in ICU-admitted COVID-19 patients as
predictor of 28-day mortality: A prospective cohort study. Heal Sci
Reports. 2023;6(5):1-8. [DOI: 10.1002/hsr2.1116] [PMID: 37152236]
Lee HJ, Ko BS, Ryoo SM, Han E, Suh GJ, Choi SH, et al. Modified
cardiovascular SOFA score in sepsis: development and internal
and external validation. BMC Med. 2022;20(1):476.

[DOI: 10.1186/512916-022-02694-6] [PMID: 36482459]

Sherak RAG, Sajjadi H, Khimani N, Tolchin B, Jubanyik K, Taylor RA,
et al. SOFA score performs worse than age for predicting mortality
in patients with COVID-19. PLoS One. 2024;19(05):1-12.

[DOI: 10.1371/journal.pone.0301013] [PMID: 38758942]

Munim FA, Yusof AM, Cheah SK, Khazrul M, Abd N, Rahiza W, et al.
SOFA Score Trends in Predicting Mortality in Critically Ill COVID-19
Patients. COVID. 2025;5(9):154. [DOI: 10.3390/covid5090154]
Dumache R, Muresan CO, Maria S, Laitin D, Ivanovic N, Chisalita A,
et al. COVID-19 Organ Injury Pathology and D-Dimer Expression
Patterns: A Retrospective Analysis. Diagnostics. 2025;15(15):1860.
[DOI: 10.3390/diagnostics15151860] [PMID: 40804825]

DOI: https://doi.org/10.2298/SARH250807092B

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

28.

Baji¢ D. et al.

Benfathallah B, Boutagayout A, Hassani AC, lhazmade H. Dynamic
Relationship Between High D-Dimer Levels and the In-Hospital
Mortality Among COVID-19 Patients: A Moroccan Study. COVID.
2025;5(8):116. [DOI: 10.3390/covid5080116]

Akerman M, Joseph DA. Role of peak D-dimer in predicting
mortality and venous thromboembolism in COVID-19 patients. Sci
Prog. 2025;108(1):368504241247982.

[DOI: 10.1177/00368504241247982] [PMID: 40012497]
Bozorgmehr R, Shams N, Akbarniakhan H, Alirezaei T. D-dimer
Levels as a Prognostic Inpatient Mortalit y Indicator in COVID-19
Patients: Insights from a Cross-Sectional Study. Int Jour of
Cardiovas Prac. 2025;10(2):e162064.

[DOI: 10.5812/intjcardiovascpract-162064]

ReddyV, Reddy H, Gemnani R, Kumar S, Acharya S. Navigating
the Complexity of Scoring Systems in Sepsis Management: A
Comprehensive Review. Cureus. 2024;16(2):e54030.

[DOI: 10.7759/cureus.54030] [PMID: 38481909]

Silingardi M, Zappulo F, Dormi A, Pizzini AM, Donadei C,
Cappuccilli M, et al. Is COVID-19 Coagulopathy a Thrombotic
Microangiopathy? A Prospective, Observational Study. Int J Mol
Sci. 2025;26(11):5395. [DOI: 10.3390/ijms26115395]

[PMID: 40508203]

Konig S, Vaskyte U, Boesing M, Liithi-corridori G, Leuppi JD.

The Role of Comorbidities in COVID-19 Severity. Viruses.
2025;17(7):957. [DOI: 10.3390/v17070957] [PMID: 40733574]
Kaim A, Shetrit SB, Saban M. Women Are More Infected and Seek
Care Faster but Are Less Severely Ill: Gender Gaps in COVID-19
Morbidity and Mortality during Two Years of a Pandemic in Israel.
Healthcare. 2022;10(12):2355. [DOI: 10.3390/healthcare10122355]
[PMID: 36553879]

Mohammadi-Pirouz Z, Hajian-Tilaki K, Haddat-Zavareh MS,
Amoozadeh A, Bahrami S. Development of decision tree
classifcation algorithms in predicting mortality of COVID-19
patients. Int J Emerg Med. 2024;17(1):126. [DOI: 10.1186/512245-
024-00681-7] [PMID: 39333862]

Poopipatpab S, Weerayutwattana R, Nuchpramool P, Phairatwet
P. Evaluation of physiological severity scores for predicting
COVID-19 disease progression: a retrospective study. BMC Infect
Dis. 2025;25(1):758.[DOI: 10.1186/512879-025-11127-7]

[PMID: 40419986]

LeeYS, Han S, Lee YE, Cho J, Choi YK, Yoon SY, et al. Development
and validation of an interpretable model for predicting sepsis
mortality across care settings. Sci Rep. 2024;14(1):13637.

[DOI: 10.1038/541598-024-64463-0] [PMID: 38871785]

Ozturan B, Okay E, Yildiz Y, lyetin Y, Demiroglu M, Ozkan K.
Management of resources for orthopedic oncology and trauma
patients during the COVID-19 pandemic - a retrospective cohort
study. Srp Arh Celok Lek. 2022;150(3-4):138-42.

[DOI: 10.2298/SARH2103180270]

Radojici¢ B, Doli¢ M, Tausan B, Radojici¢ M, Misovi¢ M. Comparison
of baricitinib and tocilizumab in clinical outcome among
hospitalized patients with severe form of COVID-19 - our
experiences. Srp Arh Celok Lek. 2025 (Online First)

[DOI: 10.2298/SARH250108083R]

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):542-549



REDS, SOFA, and D-dimer in COVID-19 sepsis

MporHocTnyKuM 3Hauaj REDS, SOFA n [I-pumepa Kog KpUTUYHO obonennx og Kosnaa

19 ca cencom

[JlejaHa bajuh!, Munuua Mnasaunh?3, Angpea Muxajnosuh?

'YHuep3utet y Hosom Cagy, MegnunHcku gakyntert, Katepa 3a 6uoxemujy, Hou Cag, Cpbuja;
2YHneepauTet y HoBom Cagy, MeguumHckm dpakyntet, Katenpa 3a neaujatpujy, Hosu Cag, Cpbuja;
*VIHCTUTYT 3a 34PaBCTBEHY 3aLUTUTY feLle 1 omnagnHe BojoguHe, Hosu Cag, Cpbuja;
*YHuBep3uteT y HoBom Capy, MeguumHckn dakynteT, Kategpa 3a ¢pusunonorujy, Hosn Cap, Cpbuja

CAMETAK

YBoa/Lum PaHo npeno3HaBare 60necHUKa ca BUCOKUM pur3u-
KOM Ofi CMPTHOT MCXOAa KOf, Cence HacTane ycnen koesuaa 19 op
CYLUTUHCKOT je 3Hauaja 3a NpaBoOBpPeMeHY NHTEPBEHLIM)Y 1 OMTH-
ManHy pacrnogeny pecypca y jeAMHULM MHTEH3NBHOT Nleyetba.
Linrb paga 610 je ga ce MpoLeHn 1 yropeam NporHoCThYKa
BpeaHOCT ckopoBa REDS (Ckop 3a cTpatvdmKaLmjy pusvka cen-
Ce Ha ofierbetby xuTHe nomohu) n SOFA (Ckop npoLieHe ceKBeH-
LmjanHor nomyLuTakba opraHa), 3ajefjHo ca H1MBoom [l-aumepa,
y NpeauKumju 28-AHeBHOT MOPTaMTeTa Kog TELWKO 06onenmx
6onecHuKa.

Mertope PeTpocnekTuBHa aHanu3a obyxBatuna je 163 ogpacrna
6onecHviKa ca notBpheHUM KoBuaom 19 1 cencom (Kputepw-
jymn Cenca-3), neyeHa y jefUHULIM NHTEH3UBHOT Nleyerba Tep-
LmjapHor LieHTpa y neprogy of HoBembpa 2020. o maja 2022.
REDS, SOFA n BpepgHoCTU [I-AriMepa NpoLieeHe Cy y POKy Of
24 caTta op npujema. [MporHocTnyKa BpefHOCT aHanm3npaHa
je momohy ROC aHanm3e, NOrnCTUYKe perpecyije ayToMmaTckum
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JeTeKTopoM nHTepakumja (Xu-kBagpart) (CHAID) mopenoBatba
cTabna ognyke.

PesyntaTtmn YkynHa 28-gHeBHa CMPTHOCT U3Hocuna je 65,6%.
REDS (AUC = 0,690) n SOFA (AUC = 0,680) noka3zanu cy ymepeHy
NpeAnKTUBHY COCOBHOCT, K je [l-AnMep 1Mao HUXY TaYHOCT
(AUC=0,632). REDS > 2 umao je HajBehy ceH3uTnBHoCT (80,2%),
Aok je SOFA > 4 nokasao Hajsehy cneumnuuroct (56,1%). REDS n
SOFA npeHTUdMKOBaHM Cy KaO He3aBWCHW MPEANKTOPY CMPTHO-
ctn. CHAID aHann3a n3geojuna je REDS Kao Hajjaun guckpmmu-
HaTop, Koju je cTpaTMdUNKOBaO BONECHNIKe Y TPU Fpyne pr3nka
ca cTonama cMpTHoCTU of 42,9%, 66,1% n 84,5%.

3akrby4ak Ckoposu REDS n SOFA nmajy 3HauajHy MpOrHOCTUYKY
BPEAHOCT KA bonecHrKa ca KoBngoM 19 NoBe3aHUM CEMCOM.
REDS je noka3ao 6nary npefHOCT U MOXe MOCYXXUTW Kao jef-
HOCTaBaH 1 eduKacaH anat 3a paHy CTpaThuKaLmjy pusnka y
KNMHWYKO]j Npakcy 1 6yayhm BUPYCHVMM NaHaeMujama.
Kmbyune peun: koBug 19; cenca; ckop REDS; ckop SOFA; npo-
rHO3a; MopTanuTeT
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